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REFERENCE GENERATOR CIRCUIT FOR
BICMOS ECL GATE EMPLOYING PMOS LOAD
DEVICES

FIELD OF THE INVENTION

The present invention relates to the field of logic
circuits; more particularly, to circuits fabricated on a
substrate which includes both bipolar and metal-oxide
semiconductor (MOS) devices.

BACKGROUND OF THE INVENTION

Circuits which combine bipolar and complementary
metal-oxide semiconductor (CMOS) devices on the
same silicon substrate are known as BICMOS circuits.
BiCMOS logic circuits share the advantages of both
CMOS and bipolar circuitries. For example, BICMOS
circuits are characterized by extremely low quiescent
power consumption, rail-to-rail output capability, high-
density and high input impedance. At the same time, the
bipolar elements provide very fast switching capabili-
ties and feature good performance over temperature
and power supply vanations. g

Emitter-coupled logic (ECL) is a popular family of
bipolar logic circuitry which is found extensively in the
prior art. Lately, researchers have attempted to create
low cost BICMOS ECL logic gates in order to take
advantage of the faster bipolar logic switching capabili-
ties while minimizing the quiescent power consumption
by utilizing CMOS circuit devices. Whereas ECL pro-
- cesses can fabricate resistors for ECL circuits, BICMOS
processes typically do not include a resistor device, and
must utilize CMOS devices instead. For example, U.S.
Pat. No. 5,124,580 describes a BiCMOS logic circuit
which includes an emitter-coupled pair of bipolar tran-
sistors connected to differentially compare an input
signal with a reference potential. Each of the transistors
1s loaded by a p-channel MOS (PMOS) transistor oper-
ated 1n its linear region.

One of the drawbacks of prior art BICMOS ECL
logic circuits has been the inability to provide an appro-
priate reference circuit which maintains the PMOS load
transistors in a linear region despite variations in cur-
rent, temperature, process etc. Often, the difficulty lies
in having the PMOS load devices track with the n-
channel MOS (NMOS) devices which are typically
used as current sources. Another problem has been the
use of large voltage swings, sometimes as large as the
power supply voltage, for switching between the logic
voltage levels. Most crucial is the fact that large voltage
swings add delay to the circuit, thereby diminishing
performance. One of the advantages of ECL is that it
uses small voltage swings. The large (power supply
voltage) swings used in CMOS circuits add delay to the
circuit, thereby diminishing performance. These large
swings also generate more noise.

Yet another related problem occurs when the input
voltage exceeds the output swing. This typically causes
saturation of the input bipolar transistors, which also
slows the device’s speed considerably. At the other
extreme, if the voltage swing is too small there can be a
problem In maintaining a sufficient noise margin. Of
course, all of the aforementioned problems are exacer-
bated by variations in temperature, voltage, and pro-
cessing. |

As will be seen, the present invention provides a
reference circuit in conjunction with a BICMOS ECL
gate that allows the use of controlled, small voltage
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swings, and emitter-following to increase the speed of
the logic gate.

SUMMARY OF THE INVENTION

The present invention covers a reference circuit for
coupling to a particular type of BICMOS logic gate.
The logic gate includes a pair of emitter-coupled bipo-
lar transistors that are each loaded by a corresponding
PMOS load device; the load devices themselves are
coupled to the positive supply potential, i.e., V. The
emitters of the bipolar transistors are commonly cou-
pled to the negative supply potential, i.e., Vgg or
ground, through a NMOS current source device which
sources current for the pair.

The invention provides a bias voltage for NMOS
current source devices which tracks with a reference
voltage coupled to the gates of one or more PMOS load
transistors. The invented circuit functions by taking a
reference potential, Vggr, and generating from that, a
second reference potential, Vcs. With Vger being
chosen to bias the PMOS load devices in their linear
region, the invented circuit controls Vs so that a con-

stant swing is generated at the output of the ECL logic
gate.

The reference circuit itself comprises a Vo multiplier
coupled between Vcand a first internal node. The Vi,
multiplier establishes a predetermined potential at the
internal node which determines the wvoltage swing
across the PMOS load devices. Also included in the
reference circuit is a first PMOS transistor having its
source coupled to the internal node. The first PMOS
transistor is configured as a current source within the
multiplier. A second PMOS transistor has its gate cou-
pled to the gate and drain of the first PMOS transistor
in a source-follower configuration so as to drive the
source node of the second PMOS transistor to the pre-
determined potential. The reference circuit further
comprises a reference PMOS transistor coupled be-
tween Vcc and the source node of the second PMOS
transistor. The gate of the reference PMOS transistor is
commonly coupled to the gates of the PMOS load de-
vices and to a reference potential.

A second NMOS transistor has its gate and drain
coupled to the source of the second PMOS transistor.
The source of the second NMOS transistor is coupled
to Vsswhile its gate 1s coupled to the gate of the NMOS
current source device. This means that the same refer-
ence current which flows through the reference PMOS
transistor and the NMOS current source device is mir-

rored through the NMOS current source in the ECL
gate.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully
from the detailed description which follows and from
the accompanying drawings, which, however, should
not be taken to limit the invention to the specific em-
bodiments shown. They are for explanation and under-
standing only.

F1G. 1 1s a circuit schematic diagram of one embodi-
ment of the present invention.

FIG. 2 1s a circuit schematic diagram of another em-
bodiment of the present invention.

FIG. 3 is a schematic diagram of a circuit for generat-

ing a reference output voltage utilized by the circuits of
FIGS. 1 and 2.
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DETAILED DESCRIPTION
In the following description, a reference generator

circuit for use with BICMOS ECL gate devices is de-

scribed in which numerous specific details are set forth,
such as specific conductivity types, voltages, currents,
etc., in order to provide a through understanding of the
present invention. It should be understood, however,
that these specific details need not be used to practice
the present invention. In other instances, well-known
structures and circuits have not been shown in detail in
order to avoid obscuring the present invention with
unnecessary detail.

Referring to FIG. 1, there 1s shown a circuit sche-
matic diagram of the present invention which includes a
BiCMOS ECL logic gate 20 comprising an emitter
coupled pair of bipolar transistors coupled to an associ-
ated pair of PMOS load devices 25 and 26. Each of the
PMOS load devices is coupled in series between the
collector of one bipolar transistor and the supply volt-
age Vcc. The gates of PMOS transistors 25 and 26 are
commonly coupled to a reference voltage VRger. Cus-
rent flow is established through the BICMOS logic gate
- via NMOS transistor 27, which is shown being coupled
between the emitters of the bipolar pair emitter follower
transistors and the negative supply potential Vgs.

The reference generator circuit in FIG. 1 comprises a
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V se multiplier circuit which includes a bipolar transistor -

10 having its base coupled to node 29, its emitter cou-
pled to node 30 and its collector coupled to Vcc. A
PMOS device 11 is shown coupled between V¢ and
node 29. Similarly, a PMOS device 12 1s shown coupled
between node 29 and node 30. Both of the gates of
PMOS transistors 11 and 12 are coupled to Vss. The
dimensional relationship between transistors 11 and 12
are such that a voltage approximately equal to
Vce—4/3 Vbe is established at node 30. For example,
to achieve this voltage in a current embodiment, the size
of transistor 11 is made to be approximately three times
larger than the size of transistor 12. It is appreciated that
the V. multiplier circuit shown in FIG. 1 establishes
the voltage swing for BICMOS logic gate 20.

Coupled in series between node 30 and Vgs are
PMOS transistor 15 and NMOS transistor 19. The gate
of transistor 19 is shown being coupled to V¢, so as to
establish current flow through the bipolar device 10.
The source and gate node of transistor 1§ are commonly
connected to the gate of PMOS transistor 18. PMOS
transistors 14 and 18 are coupled in series together with
NMOS transistor 22 between supply voltages Vccand
Vss. The gate of PMOS transistor 14 is coupled to the
reference voltage Vgerand also to the gates of PMOS
load transistors 25 and 26.

PMOS transistors 15 and 18 are configured so as to
form a current mirror and source follower which forces
a voltage at the source of PMOS transistor 14. The gate
of device 14 is coupled to a reference potential VRgF,
which fixes the resistance of device 14, as well as that of
devices 25 and 26. Note that the current flowing
through device 14 is mirrored into the BICMOS logic
gate 20 by virtue of NMOS transistors 22 and 27, which
are configured as a current mirror. Thus, any variations
in the PMOS load devices 25 and 26 which might causes
changes in the output voltage level of gate 20, are com-
pensated for by the reference generator circuit which
mirrors the current present in the ECL gate.

Note that the current through PMOS device 14 is
controlled indirectly. The reference voltage Verercon-
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trols the resistance of device 14 (and also the resistances
of devices 25 and 26), while the Vj, multiplier and de-
vices 15 and 18 force a voltage of 4/3 Ve across device
14. The current flow through device 14 is simply deter-
mined by ohms law (i=V/R).

The reference voltage Vrershown in FIG. 1 may be
generated by a circuit such as that shown in FIG. 3. The
generator circuit of FIG. 3 includes PMOS device 43
coupled in series with NMOS device 45 between Vcc
and Vgs. Similarly, PMOS devices 41 and 42 are shown
coupled in series with NMOS device 44 between the
two supply voltages Vccand Vgs. The gates of transis-
tors 42 and 43 are commonly coupled to node 50 and
provide the output reference voltage VgEer. Together,
NMOS devices 44 and 45 form a current mirror. A
start-up circuit for the reference generator of FIG. 3
includes inverter 46 coupled in series with inverter 47
and PMOS device 49. PMOS device 49 1s coupled be-
tween the output of inverter 47 and node 50, with its
gate tied to the output of inverter 47, whereas the input
of inverter 46 is coupled to the gates of NMOS devices
44 and 45.

The purpose of the reference circuit of FIG. 3 is to
generate a constant reference voltage with respect to
Vcc that is sufficiently large enough to maintain the
operation of PMOS load transistors 25 and 26 in their
linear region. In a current embodiment, the reference
voltage output is approximately equal to V-3 volts.
Practitioners in the art will appreciate that the reference
voltage Vrer must be low enough so as to guarantee
that PMOS transistors 28 and 26 stay operating in their
linear region. At the same time, the reference voltage
V reFmust not be too low since this would limit operat-
ing voltage range. This limitation occurs because VREF
cannot go below Vgs. Thus, the current embodiment
can operate with a Ve of 3 volts or more.

Ignoring the start-up mechanism for the moment, the
generator circuit of FIG. 3 has two stable operating
modes. In one mode of operation, the PMOS device 43
operates with approximately ten times the current and
two times the Vg of PMOS devices 41 and 42. This 1s

~achieved by appropriate sizing of devices 44 and 45. For
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example, a 10 X current ratio can be achieved by making
device 45 approximately ten times larger than device
44. Under this condition, the output voltage VREgr is
kept as a multiple of V1. For the above ratios, the out-
put reference voltage is approximately 3.7 Vr (for a
current embodiment Vgygr is approximately equal to
Vee-3 V).

The other stable mode of operation for the circuit of
FIG. 3 arises under a condition in which no current
flows anywhere, and the reference output voltage
V REFis held at Ve This is the reason for the start-up
circuitry comprising devices 46, 47 and 49. What the
start-up circuit does is provide a leakage current which
is sufficiently large so as to generate current flow
through PMOS devices 41-43; this current flow then
establishes the proper output voltage. For example, if
the input of inverter 46 is initially at Vgs (1.e., ground),
then transistor 49 will initially be turned on to provide
a leakage current at node 50. Eventually, as current
begins to flow through the reference generator circuit,
the voltage at the input of inverter 46 rises such that the
output of inverter 47 increases in potential. Eventually,
PMOS device 49 will turn off and the start-up circuit
will be disabled. |

It should be understood that although the circuit of
FIG. 3 provides one way of establishing the reference
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voltage Vger used 1n the circuit of FIG. 1, numerous

other alternatives are possible. In other words, the em-

bodiment of FIG. 1 should not be construed as being
limited to the use of the circuit of FIG. 3 for supplying
the voltage reference VR5EFR.

- The circuit of FIG. 2 is an alternative embodiment of
the present invention, and 1s also useful for maintaining
proper voltage swings and operating ranges in conjunc-
tion with a type of BICMOS ECL gate employing
PMOS load devices. FIG. 2 shows a circuit which takes
a reference potential VCS and generates a second refer-
ence potential VREF. If VCS is chosen to control the
current in the NMOS devicesk this circuit controls the
resistance of the PMOS load devices to fix the swing of
the ECL gate.

The embodiment of FIG. 2 includes the same Vi,
multiplier circuit as shown in FIG. 1; comprising bipo-
lar transistor 10 and PMOS devices 11 and 12. Likewise,
the embodiment of FIG. 2 includes current mirror and
source follower devices 1§ and 18. NMOS device 19,
however, is shown in FIG. 2 as having its gate com-
monly coupled to NMOS transistors 22 and 27, which
may be coupled to an ordinary common voltage bias
line. The voltage bias on the gate of transistor 19 estab-
lishes the current flow through the V. multiplier as
well as the current through the BICMOS ECL. gate 20.
The gates of PMOS devices 14, 25, and 26 are coupled
to VgeEerat the source of PMOS device 18.

The main difference of the embodiment of FIG. 2
over that shown in FIG. 1 is that in the circuit of FIG.
1, the current source for the V. multiplier comprises an
NMOS transistor 19 having its gate connected directly
tc Vcc. This means that there i1s always a large quies-
cent current flowing through the V. multiplier during
normal operation. Hence, in a large scale integrated
circuit a substantial amount of power may be wasted.

The large quiescent current flow is substantially re-
duced in the embodiment of FI1G. 2 by means of current
source transistors 19, 22, and 27. These transistors are
controlled by a voltage bias that has a voltage potential
that 1s substantially less than the supply voltage Vcc. A
typical value of the bias voltage which might be cou-
pled to transistors 19,22 and 27 is in the range 1-2 volts.

Furthermore, in the embodiment of FIG. 2, practitio-
ners in the art will appreciate that the NMOS current
source transistors 19, 22, and 27 control the PMOS
devices 14, 25, and 26. In other words, whereas the
resistance of the PMOS devices 14, 25, and 26 in the
embodiment of FIG. 1 basically determine the current
flow through the BICMOS gate, in the alternative em-
bodiment of FIG. 2, it i1s current flow that determines
the resistance of the PMOS load devices. Because the
current flow is controlled either externally or through a
conventional bias circuit, the circuit of FIG. 2 offers the
advantage of a substantial power savings.

As was the case with the embodiment of FIG. 1, the
circuit of FIG. 2 also establishes the voltage swing for
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person of ordinary skill in the art after having read the
foregoing description, it is to be understood that the
particular embodiments shown and described by way of
illustration are in no way intended to be limiting. There-
fore, reference to the details of the illustrated diagrams
is not intended to limit the scope of the claims which
themselves recite only those features regarded as essen-
tial to the invention.

I claim:

1. A reference circuit coupled to a BICMOS logic
gate, said gate including a pair of emitter coupled bipo-

" lar transistors, each loaded by a corresponding PMOS
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the BICMOS gate 20 by means of a V. multiplier. The

Ve multiplier establishes a voltage of approximately
Veceo4/3 Vbe at node 30. Because this voltage is forced
onto the source node of PMOS transistor 14, it causes
the PMOS load devices 25 and 26 to track with the
NMOS current source transistor 27. In other words, the
resistances of load devices 25 and 26 are maintained in a
hinear operating range by means of an externally-con-
trolled NMOS current source transistor 27.

Whereas many alternations and modifications to the
present invention will no doubt become apparent to the

65

load device coupled to a first supply potential, the emit-
ters of said bipolar transistors being commonly coupled
to a second supply potential through a NMOS current
source device which sources current for said pair, and
wherein said first supply potential is higher than said
second supply potential, said reference circuit compris-
ing:

a Vjp multiplier coupled between said first supply
potential and a first internal node, said multiplier
establishing a predetermined voltage at said inter-
nal node which determines the voltage swing
across said PMOS load devices;

a first PMOS transistor having its source coupled to
sald internal node;

a first NMOS transistor coupled in senes with said
first PMOS transistor and configured as a current
source for said multiplier;

a second PMOS transistor having 1ts gate coupled to
the gate and drain of said first PMOS transistor in
a source follower configuration so as to drive the
source node of said second PMOS transistor to said
predetermined potential;

a reference PMOS transistor coupled between said
first supply potential and said source node of said
second PMOS transistor, the gate of said reference
PMOS transistor being commonly coupled to the
gates of said PMOS load devices and to a reference
potential;

a second NMOS transistor having its gate and drain
coupled to the drain of said second PMOS transis-
tor, said second NMOS transistor also having its
source coupled to said second supply potential and
its gate coupled to the gate of said NMOS current
source device such that the reference current flow-
ing through said reference PMOS transistor and
said second NMOS transistor is mirrored through
said PMOS load devices and said NMOS current
source device.

2. The reference circuit of claim 1 wherein said first
supply potential is equal to Vcand said second supply
potential is equal to ground.

3. The reference circuit of claim 2 wherein said V,
multiplier comprises:

a reference bipolar transistor having its collector
coupled to said first supply potential, its emitter
coupled to said internal node, and its base coupled
to a second internal node:

a third PMOS device coupled between said first sup-
ply potential and said second internal node;

a fourth PMOS device coupled between said internal
node and said second internal node, the gates of
said third and forth PMOS transistors being cou-
pled to said second supply potential, and further
wherein the device size ratio between said third
and fourth PMOS transistors is approximately 3:1.
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4. The reference circuit of claim 3 wherein said pre-
determined voltage is approximately equal to Vcc-4/3
V pe.

5. The reference circuit of claim 4 wherein said refer-
ence potential is approximately equal to Vcc-3 volts. 3
6. A reference circuit coupled to a BiCMOS logic

~ gate, said gate including a pair of emitter coupled bipo-
lar transistors, each loaded by a corresponding PMOS
load device coupled to a first supply potential, the emit-
ters of said bipolar transistors being commonly coupled 10
to a second supply potential through a NMOS current
source device which sources current for said logic gate,
wherein said first supply potential is higher than said
second supply potential, said reference circuit compris-
ing:

a V. multiplier coupled between said first supply
potential and an first internal node, said multiplier
establishing a predetermined voltage at said first
internal node which determines the voltage swing
across said PMOS load transistors;

first and second NMOS transistors having their
sources coupled to said second supply potential
and their gates commonly coupled to the gate of
said NMOS current source device and to a first 4
reference potential;

a first PMOS transistor having its source coupled to
said first internal mode and its gate and drain cou-
pled to the drain of said first NMOS transistor;

a second PMOS transistor having its gate coupled to 30
the gate of said first PMOS transistor, its drain
coupled to the drain of second NMOS transistor,
and its source coupled to said first supply potential
through the drain of a reference PMOS transistor,
said first and second PMOS transistors forming a 35
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current mirror and source follower for said refer-
ence circuit;

the gate of said reference PMOS transistor being
commonly coupled to the gates of said PMOS load
devices and to the drain of said second PMOS
transistor such that the reference current flowing
through said reference PMOS transistor, said sec-
ond PMOS transistor, and said second NMOS
transistor is the same as the current flowing
through said PMOS load devices and said NMOS
current source device.

7. The reference circuit of claim 6 wherein said first
supply potential is equal to Vcand said second supply
potential is equal to ground.

8. The reference circuit of claim 7 wherein said Ve
multiplier comprises:

a reference bipolar transistor having its collector
coupled to said first supply potential, its emitter
coupled to said internal node, and its base coupled
to a second internal node;

a third PMOS device coupled between said first sup-
ply potential and said second internal node;

a fourth PMOS device coupled between said internal
node and said second internal node, the gates of
said third and fourth PMOS transistors being cou-
pled to said second supply potential, and further
wherein the device size ratio between said third
and fourth PMOS transistors is approximately 3:1.

9. The reference circuit of claim 8 wherein said pre-
determined voltage 1s approximately equal to Vcc4/3
V ge.

10. The reference circuit of claim 9 wherein said
reference potential is approximately equal to V-3

volts.
¥ i % % ¥
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